L eft atrial (LA) size is an important marker for the chronicity of elevated left ventricular (LV) filling pressures and a powerful predictor of adverse cardiovascular outcomes, including stroke, development of atrial fibrillation, congestive heart failure, and death. 1 Among the different parameters available for assessing LA size, including diameter, area, and volumes, the latter has been shown to be the most accurate and robust predictor of cardiovascular outcomes. 2 Accordingly, a significant amount of interest has recently emerged toward establishing the most accurate echocardiographic method to measure LA volumes. In this regard, Badano et al 3 must be commended for completing the first study, published in this issue of Circulation: Cardiovascular Imaging, providing normal reference values for both 2-dimensional (2D) and 3-dimensional (3D) LA volumes together with phasic function indices in a relatively large group of normal subjects over a wide range of ages. As the authors accurately expressed in their article: "availability of reference values…is a prerequisite for routine clinical application." 3
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Historically, LA size was initially assessed using M-mode echocardiography acquired from the parasternal long-axis view. In this transducer position, the antero-posterior dimension of the LA was recorded. Because this measurement is highly reproducible, it was widely adopted by echocardiography laboratories worldwide. It soon became obvious, however, that the LA does not dilate symmetrically in all directions when it enlarges. In fact, there is data to suggest that left atrial enlargement in the antero-posterior direction is constricted by the presence of the spine and sternum, and accordingly, most of the LA enlargement tends to occur in the superior-inferior direction. 4 Because of this, the use of m-mode echocardiography was strongly discouraged in the American Society of Echocardiography 2005 chamber quantification guidelines, and measurements of LA volumes were recommended for clinical practice. 5 Both the 2005 and the current 2015 chamber quantification guidelines recommend the use of the biplane method of discs or the area-length method for the measurement of LA volumes. 5, 6 The area-length method has been shown to result in atrial volumes that are slightly larger than those obtained using the biplane method of discs. 7 Importantly, there was a major increase in the published values for normal LA volumes between the 2005 and 2015 chamber quantification guidelines. The upper normal reference value increased from 28 mL/m 2 for both men and women in 2005 to 34 mL/m 2 in 2015. 5, 6 The main reason for this change is that the 2015 document had access to normative LA volume data obtained from a large number of studies conducted after the 2005 guidelines had been published. Most of the normative LA volume data from these additional studies were derived from subjects who had LA volumes measured from LA-dedicated views and LA volumes measured using the area-length method. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] Just as it is important not to foreshorten the left ventricle when obtaining measurements of LV volumes and ejection fraction, it is just as crucial to not foreshorten the LA (Figure) . 19 This important point is well detailed in the current study by Badano et al, 3 which emphasizes that when acquiring images to measure LA volumes on 2D echocardiography, dedicated acquisitions of the LA or focused views need to be acquired. In these views, care must be taken to maximize the long-axis length and the base of the LA in both the apical 4-chamber and apical 2-chamber views to avoid foreshortening. If acquired adequately, the length of the LA in the 2 apical views should be nearly identical. 3 As further explained by Badano et al in this issue of the journal, this is important because the long axes of the left ventricle and left atrium almost always lie in different planes, which explains why dedicated acquisitions of the LA must be obtained to optimize volume measurements. This dedicated view provides larger volumes when compared with the standard apical 4-chamber acquisition and should be incorporated into daily clinical practice. Because the current study results and the guideline normative LA values were acquired using similar methods, it is not suprising that the normative values provided by the study by Badano et al are almost identical to those recommended by the 2015 guidelines (35 versus 34 mL/m 2 , respectively).
It is currently well-accepted that 3D echocardiography minimizes the inaccuracies associated with geometric assumptions and mostly eliminates the errors associated with foreshortening by allowing the operator to manually select orthogonal planes that maximize the long axis of the chamber being quantified. More specifically, as pertains to the LA, it has been proposed that because the LA wall lacks the trabeculations found in the LV wall, 3D LA volumes more closely approximate those obtained with cardiovascular magnetic resonance imaging. 20 This is because one of the major sources of error in tracing 3D LV data sets is the inability to Complexities of Left Atrial Analysis correctly identify the border between the compacted and noncompacted myocardium. 21 It is noteworthy that in the study by Badano et al, the normal reference values for maximum LA volumes obtained by 3D echocardiography were 20% to 30% larger than those obtained using the 2D biplane Simpson method performed on atrial-focused views (43 versus 35 mL/ m 2 ). Currently, only 2 additional small studies report on normal values for 3D LA volumes. 22, 23 Aune et al evaluated a population of white Europeans and reported an upper limit for LA volumes of 41 mL/m 2 , which is similar to the upper limit published by Badano et al. Wu et al, on the contrary, studied a population of Asian subjects and reported lower upper limits of 33 mL/m 2 for 3D LA volume. This discrepancy likely highlights the differences in normal values that exist between ethnicities. In addition, the authors cite some other important reasons for this discrepancy: (1) both previous studies adapted preexisting LV 3D software for the analysis of the LA, which may have resulted in the underestimation of LA volumes because of the modeling and shape assumptions made by the software which was developed for the left ventricle rather than the LA; and (2) acquisition of data was at low temporal resolution, which may also result in LA volume underestimation. These constraints were avoided in the current study because the authors used prototype software specific for the LA, and 3D data sets were acquired at high volume rates.
Another interesting issue arises when 2D and 3D LA volumes are compared. In the study by Badano et Al, 3D LA volumes were significantly larger than 2D LA volumes, with a mean bias of 10 mL. Similar comparisons have been made in previous studies, and interestingly, the findings have not been uniform. 17, 24 Wu et al, for instance, used dedicated LA views to measure 2D LA volumes in their normal population of n=124 patients using the biplane Simpson method. They found no significant differences between 2D and 3D LA volumes. The same group reported similar results in another study performed on patients with a wide range of LA sizes. 17 These discrepancies may also be related to the type of software used, endocardial tracing errors, and 2D misalignment of orthogonal apical 4-chamber and apical 2-chamber views. Indeed, it is also possible that some degree of LA foreshortening persisted on the 2D acquisition, despite every attempt made by the operator to avoid it. The authors acknowledge all these possibilities, and the mere presence of these inconsistencies speaks of the importance of standardization of LA size assessment both in terms of image acquisition and optimization (2D) and the software package used for analysis (3D).
The left atrium has 3 main functions: reservoir, conduit, and booster. During ventricular systole, the LA functions as a reservoir, accepting blood from the pulmonary veins; in early diastole, it serves as a passive conduit, accepting blood from the LV; and in late diastole, it contracts, performing as a pump to complete LV filling. Badano et al for the first time provided us with normal values for these phasic functions using both 2D and 3D. Their data showed a decrease in reservoir function and an increase in booster function with age, which seems to be in keeping with the changes in myocardial properties that have been previously described with age. 24 It is important to acknowledge that although the study by Badano et al provides many valuable insights as discussed earlier, there are also some limitations. First, this is a singlecenter study enrolling mostly Europeans of white descent. In order for normal values to be more widely applicable, it is important to conduct multiracial and multiethnic studies to appreciate the variability in normative values among different populations. Second, there is some discrepancy in the reporting of sex differences. In a separate study performed by the same group in which normal values for right atrial volumes were reported in a cohort of n=200, it is noteworthy that significant sex differences in indexed maximum and minimum right atrial volumes were reported. 25 In the current study, however, no differences were appreciated in indexed LA volumes between genders. As acknowledged by the authors, it is possible that this may be because the study sample was too small to appreciate these differences. Furthermore, Badano et al also showed that LA volumes increased across age groups. This has not been uniformly demonstrated in the literature, 10 although age-related changes in left ventricular myocardial stiffness have been described, and these changes could potentially provide a mechanism for LA enlargement with age. 24 Finally, information on the population over age 70 years and on obese individuals remains to be collected. In this study, individuals with body mass index ≥30 kg/m 2 were excluded, and there were only 11 people in the group ≥70 years, so that there was not enough information to garner information on normal LA size in these populations.
When the current 2015 chamber quantification guidelines were written, it was recommended that measurement of 3D left and right ventricular volumes be considered in laboratories with appropriate 3D platforms and sufficient expertise. At the time, because of the lack of standardized methodologies for measurement of LA volumes using 3D and the paucity of normative data available, measurement of the LA by 3D could not be endorsed. Indeed, the work of Badano et al is an important first step in providing normal values for 3D LA volumes, while also highlighting the importance of using dedicated LA views for the measurement of LA volumes with 2D echocardiography. This work will no doubt be an important resource for the next iteration of the chamber quantification guidelines.
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